Vesicle biogenesis: The coat connection  by Mallabiabarrena, Arrate & Malhotra, Vivek
Cell, Vol. 63, 667-669, December 1, 1995, Copyright 0 1995 by Cell Press 
Vesicle Biogenesis: 
The Coat Connection 
Arrate Mallabiabarrena and Vivek Malhotra 
Biology Department 
University of California, San Diego 
La Jolla, California 92093-0347 
Membranes of the exocytic and endocytic transport path- 
ways are endowed with the ability to generate 50-150 nm 
diameter vesicles that carry cargo between different cellu- 
lar compartments. Vesicle formation requires the associa- 
tion of cytosolic coat proteins with the membrane, and the 
first discernible morphological change in the membrane 
is the appearance of small coated buds. These buds even- 
tually pinch off, allowing the newly formed vesicles to be 
targeted to their final destinations. Vesicles involved in 
endocytosis and those that mediate transport from the 
trans-Golgi network (TGN) to endosomes have clathrin 
coats. The structure and biochemistry of clathrin coats 
have been illuminated by many years of investigation 
(Pearse and Robinson, 1990). In 1986, Orci and Rothman 
identified a second type of coat on vesicles that bud from 
the rims of Golgi cisternae. Unlike clathrin coats, this new 
coat did not have a clearly visible lattice-like structure- 
it looked “fuzzy” in electron micrographs (Orci et al., 1986). 
The components of this novel coat were later identified 
as an oligomeric complex that was designated coatomer, 
and the subunits were termed COPS (for coatomer pro- 
teins). A similar fuzzy coat, but with a totally different pro- 
tein composition, was recently shown by Schekman and 
colleagues to be present on endoplasmic reticulum (ER)- 
derived vesicles (Barlowe et al., 1994). To avoid confusion, 
the Golgi-associated COP complex is now called COPI 
and the ER-associated coat complex is called COPII. The 
biochemical characterization of COPS has yielded major 
insights into the molecular mechanisms of vesicular trans- 
port (Rothman, 1994). However, many fundamental ques- 
tions remain. For example, focusing only on the vesicle 
formation stage of the transport process, we can ask the 
following questions. Does the assembly of cytoplasmic 
coats provide the driving force for membrane deformation 
during vesicle budding? To what extent do these coats 
help select cargo during the budding process? Is there a 
specific signal that triggers vesicle production? If so, what 
step of vesicle formation is subject to regulation? What 
prevenis the membranes of secretory organelles from ve- 
siculating completely? As anyone who follows the protein 
transport field can attest, the list of questions goes on 
and on. 
Several recent papers provide important clues about 
the biochemistry and cell biology of vesicle formation. 
Mellman and colleagues document in this issue of Ce// 
that COP-l forms vesicles not only from Golgi membranes, 
but also from endosomes (Whitney et al., 1995). Interest- 
ingly, of the seven COPI subunits a, 6, 6: y, 6, E, and 6, 
y and 6 do not bind to endosomes, demonstrating that 
COPI subunits can be present in different functional com- 
plexes (Whitney et al., 1995). In other recent papers, Roth- 
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man’s and Riezman’s labs describe a family of integral 
membrane proteins that may help package cargo into bud- 
ding vesicles (Schimmoller et al., 1995; Stamnes et al., 
1995). Kaiser and colleagues report that Secl6p and 
Sed4p participate in the budding of COPII vesicles from 
the yeast ER (Espenshade et al., 1995; Gimeno et al., 
1995). The discussion below suggests how these observa- 
tions may be connected and how they will help further our 
understanding of vesicular transport. 
Why So Many Coat Proteins? 
The components of COPI coats were initially identified 
when Golgi-derived vesicles were purified and character- 
ized (Rothman, 1994). A plethora of information has since 
been gathered on the mechanism by which COPI proteins 
associate with membranes and their role in the generation 
of transport vesicles (for reviews see Takizawa and Malho- 
tra, 1993; Rothman, 1994). Analysis of the yeast COPI 
subunits revealed that they are essential for survival and 
that inactivation of these proteins results in a rapid inhibi- 
tion of secretion (Schekman, 1992). However, the direc- 
tionality of the traffic mediated by COPI vesicles is still 
being debated. Earlier studies implicated COPI vesicles 
carrying cargo in the antrograde direction, i.e., from ER 
to Golgi and between successive cisternae of the Golgi 
stack. This proposal had to be reconsidered in the light 
of two discoveries. First, as mentioned above, there is 
strong evidence that ER-to-Golgi transport is mediated pri- 
marily or exclusively by COPII vesicles (Barlowe et al., 
1994). Second, it has been shown that COPI components 
associate with the dilysine motif (KKXX), a cytosolically 
oriented retrieval signal that directs retrograde transport 
of membrane proteins from post-ER compartments back 
to the ER. Mutations in COPI components render yeast 
cells defective in the recycling of KKXX-containing pro- 
teins (Letourneur et al., 1994). These findings led to the 
suggestion that COPII vesicles carry cargo in the forward 
direction whereas COPI vesicles are involved in retro- 
grade traffic (Pelham, 1994). While the final proof of 
involvement of COPI vesicles in antrograde transport is 
missing (for details see Pelham, 1994), a number of in 
vivo and in vitro studies do appear to support a role for 
COPI vesicles in anterograde transport from ER to Golgi 
and between Golgi cisternae (Rothman, 1994). Now the 
situation has been complicated even further by the finding 
that a form of COPI is involved in vesicle budding from 
endosomes. One is left to wonder: in which direction are 
COPI vesicles really going, and why is the COPI coat more 
promiscuous than COPII? 
Ever since the discovery of nonclathrin-coated vesicles, 
cell biologists have been curious about why the cell both- 
ers to use different vesicle coats at different steps of the 
secretory and endocytic pathways. Clathrin mediates en- 
docytic transport from the plasma membrane to endo- 
somes as well as biosynthetic transport from the TGN to 
endosomes. What specializations make the COPI and 
COPII coats more suitable for other transport steps? Part 
of the answer may be that coat proteins are involved in 
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the selective packaging of cargo into transport vesicles. 
There is good evidence that the adaptor proteins associ- 
ated with clathrin coats recognize signals in the cytosolic 
domains of transmembrane cargo proteins (Pearse and 
Robinson, 1990). These transmembrane cargo proteins 
in turn recruit soluble ligands (such as lysosomal enzymes) 
into the budding vesicles. In the case of COPI, as de- 
scribed above, coat components help to incorporate cargo 
proteins containing the KKXX motif into retrograde Golgi- 
to-ER vesicles. A protein family has recently been identi- 
fied whose members may aid in the selection of cargo 
proteins during the budding of both COPI and COPII vesi- 
cles (Schimmoller et al., 1995; Stamnes et al., 1995). p24 
(found in COPI vesicles) and Emp24p (found in COPII vesi- 
cles) are type I integral membrane proteins with short cyto- 
plasmic tails. A loss of Emp24p in yeast causes a kinetic 
delay in ER-to-Golgi transport of a subset of secretory pro- 
teins. Proteins such as p24 and Emp24p might function 
as “receptors”for loading selective cargo of secretory pro- 
teins into COP-coated vesicles, but the question then 
arises, how are these receptors themselves recruited into 
the budding vesicles? Do they interact via their cyto- 
plasmic tails with COPS? The demonstration by Mellman 
and colleagues that COPI subunits are found in different 
heterooligomeric complexes should provide an opportu- 
nity to test how variations in coat composition influences 
the choice of membrane, the recruitment of membrane 
receptors, and other aspects of vesicle biogenesis (Whit- 
ney et al., 1995). 
Do Coat Proteins Induce Vesicle Budding? 
There is little doubt that coat proteins are necessary for 
vesicle formation, but are they sufficient? If so, then entire 
Golgi,cisternae should vesiculate when an excess of COPI 
is added together with ADP-ribosylation factor (ARF), a 
small GTPase that is essential for the binding of COPI 
to membranes. Isolated Golgi membranes do vesiculate 
extensively when incubated with COPI and ARF in the 
presence of the nonhydrolyzable GTP analog GTPyS 
(Rothman, 1994). However, it is possible that overactiva- 
tion of ARF under these conditions induces nonspecific 
vesiculation. In the intact cell, Golgi cisternae vesiculate 
completely during mitosis, but Warren and colleagues 
have shown that during mitotic Golgi breakdown only the 
rims of the cisternae vesiculate by a COPI-dependent 
pathway, whereas the remaining tubuloreticular network 
of Golgi membranes vesiculates by a COPI-independent 
process (Misteli et al., 1995). From these data it is not 
evident whether COPI induces Golgi vesiculation or 
whether the COPI coat has a secondary function in vesicu- 
lar transport. 
To phrase this question anotherway, does the oligomer- 
ization of coat protein subunits provide the driving force 
for the membrane deformation that occurs during vesicle 
budding? The best evidence in favor of this idea comes 
from studies in which COPI vesicle formation was reconsti- 
tuted using purified Golgi membranes (Rothman, 1994). 
Electron microscopy revealed that Golgi membranes re- 
main flat when incubated with a mixture of ARF, GTPyS, 
and ATP and that further addition of purified COPI results 
in the formation of coated membrane buds. These obser- 
vations are compelling, and it is difficult to deny a role for 
coat proteins in promoting vesicle formation. Why then 
should one question whether COPS are doing the job they 
are getting credit for? A major point that cannot be ignored 
is that COPI requires the presence of ARF on the mem- 
branes before budding can begin. ARF is also required 
for the budding of clathrin-coated vesicles from the TGN 
(Rothman,l994). COPII vesicle formation depends upon 
a related GTPase called Sari p (Barlowe et al., 1994). Inter- 
estingly, ARF has been shown to activate phospholipase 
D, which converts phosphatidylcholine in the membranes 
into phosphatidic acid and choline. Other connections be- 
tween lipid metabolism and vesicular transport have re- 
cently become apparent (Kahn et al., 1993; Liscovitch and 
Cantley, 1995). For example, Secl4p is essential for yeast 
Golgi secretory function, and this protein is apparently 
involved in maintaining an appropriate phosphatidylcho- 
linelphosphatidylinositol ratio in the Golgi membranes 
(Cleeves et al., 1991). There is evidence that phosphati- 
dylinositol 3-kinases play a role in the packaging of pro- 
teins into TGN-derived transport vesicles for delivery to 
the yeast vacuole (Liscovitch and Cantley, 1995). Taken 
together, these observations suggest that negatively 
charged phospholipids are somehow involved in vesicle 
biogenesis. One possibility is that a high local concentra- 
tion of negatively charged lipids (or the size/shape: wedge- 
like phosphatidylinositide or cylinder-like phosphatidyl- 
choline; Singer and Oster, 1992) is sufficient to induce 
membrane curvature, i.e., budding. Although uncoated 
buds have not been observed in electron micrographs of 
Golgi membranes that are undergoing vesiculation in vitro, 
such buds could have been overlooked owing to a lack 
of any redeeming features (such as a fuzzy coat). Alterna- 
tively, uncoated buds might have a short half-life because 
of the diffusion or metabolic consumption of phasphatidic 
acid and polyphosphoinositides. In this scenario, the re- 
cruitment of coat proteins to newly formed buds would 
stabilize the buds, but the formation of coat protein oligo- 
mers would not be the driving force behind budding. A 
variation of this idea is that cytosolic coats might induce 
budding indirectly, by concentrating negatively charged 
lipids in a confined region of the membrane. 
While the idea that negatively charged lipids cause bud- 
ding is attractive, it is important to emphasize alternative 
interpretations of the data (Kahn et al., 1993; Liscovitch 
and Cantley, 1995). The precise biochemical function of 
Secl4p is still uncertain. The plot thickens even further 
when one considers that phosphatidic acid and polyphos- 
phoinositides affect the kinetics of guanine nucleotide ex- 
change and GTP hydrolysis by ARF (for review see Lisco- 
vitch and Cantley, 1995). Phosphoinositide metabolism 
has also been implicated in the regulation of secretory 
vesicle transport, fusion with the plasma membrane, or 
both (Hay et al., 1995). There are clearly a number of 
possible functions for both coat proteins and lipids in vesi- 
cle formation, but based on the information available, it 
is difficult to reach a verdict on their exact role. 
Is Vesicle Formation Regulated? 
One might predict that the accumulation of cargo proteins 
would serve as a signal for vesicle production. However, 
669 
this notion cannot be entirely correct because treatment 
of cells with cycloheximide does not prevent COPI vesicle 
formation from Golgi membranes or COPII vesicle forma- 
tion from the ER (Orci et al., 1986; Yeung et al., 1995). 
What, then, turns a flat planar membrane “on” to start 
producing a vesicle? While the exact signal is unknown, 
potential components of a signaling pathway have been 
identified. In the case of COPII vesicle formation from the 
yeast ER, Secl2p acts as a guanine nucleotide exchange 
factor that loads Sarlp in the GTP-bound form onto the 
ER membrane (Schekman, 1992). The Secl3plSec31 p 
and Sec23plSec24p complexes then assemble into the 
COPII coat (Schekman, 1992; Barlowe et al., 1994). Kaiser 
and colleagues have now brought two new players into 
this picture, Secl6p and Sed4p (Espenshade et al., 1995: 
Gimeno et al., 1995). Secl6p appears to act as a docking 
protein for COPII coat assembly. Secl6p binds to Sec23p, 
which in turn stimulates the GTPase activity of Sarl p. Like 
Secl2p, Sed4p may promote guanine nucleotide ex- 
change on Sarl p. Thus, the circle of friends involved in 
COPII vesicle formation is widening. The suggested role 
for Sed4p as a guanine nucleotide exchange factor is 
based entirely on homology with Secl2p, and it is not 
obvious why two different exchange proteins would be 
needed. This situation is reminiscent of the two subtypes 
of COPI coats found on membranes of the Golgi and endo- 
somes. It may be that there is also more than one class 
of ER-derived COPII vesicle. 
The interactions of coat proteins with one another and 
with the small GTPases ARF and Sarl p ensure that the 
production of individual vesicles is a coordinated process, 
but what prevents an organelle from producing too few or 
too many vesicles? One possibility is that specific steps 
of the coat assembly pathways are subject to regulation. 
Heterotrimeric G proteins may be involved in sensing the 
rate of membrane traffic and transmitting regulatory sig- 
nals. Alternatively, the components needed forvesicle pro- 
duction might be incorporated into outgoing vesicles and 
returned in recycling vesicles so that vesicular traffic in one 
direction could never be faster than traffic in the reverse 
direction. Whatever the mechanism, when the regulatory 
system for vesicle production is circumvented, either artifi- 
cially by adding GTP+ or naturally during mitosis, the 
balance of membrane traffic is disrupted and organelles 
such as the Golgi can vesiculate completely. 
After emphasizing so many uncertainties, it is important 
to note that the prospects for clarifying these issues are 
actually quite good. Enthusiasts are constantly introduc- 
ing new players and new concepts to help us understand 
vesicle formation. One shouldn’t be too surprised or touchy 
about the controversies in this field as it is still relatively 
young and alive. In the meantime, respect your local COPS 
because we definitely can’t get along without them. 
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